The Ohmeda Cyprane Portable Anesthesia Complete (PAC) draw-over ether vaporizer attached to a non-rebreathing system is commonly used in many parts of the world and in disaster situations [1] [2] [3] . The carrier gas is ambient air, but may be supplemented with oxygen. The object of this study was to measure changes in inspired oxygen concentration (F i O 2 ) and the patients' oxygen saturation in relation to different oxygen flows per minute from an oxygen concentrator with or without the PAC supplied oxygen economizer tube.
METHODS
A total of sixteen patients ASA 1-2 scheduled for elective surgery, aged between 22-75 years, were studied with their informed consent at the Yangon General Hospital. The study was approved by the Ethics Committee on Human Subjects. All patients acted as their own control and underwent elective peripheral orthopaedic surgery in the supine position.
No premedication was given and anaesthesia was induced with thiopentone 3 to 5 mg/kg. After succinylcholine 1 mg/kg, the trachea was intubated with a cuffed endotracheal tube. Anaesthesia was maintained with ether from the draw-over vaporizer and muscle relaxation was achieved with d-tubocurarine chloride 0.6 mg/kg. No opioids were given. Manual ventilation was used throughout and the end-tidal CO 2 was kept at 28-32 mmHg. Ether was given initially at 6% to produce a Stage 3 Plane II anaesthesia. Thereafter the ether concentration was 
SUMMARY

An oxygen economizer tube is attached to draw-over vaporizers and acts as a reservoir of supplemental oxygen. The clinical importance of the presence or absence of the economizer tube (volume 130 ml) has not been adequately studied in manually ventilated patients using ether from an Ohmeda Cyprane Portable Anesthesia Complete (PAC) draw-over vaporizer.
A total of sixteen patients ASA 1-2, undergoing elective surgery for peripheral orthopaedic procedures were studied with and without an economizer tube. Each patient acted as his or her own control. Standard procedures were used for anaesthetic induction with muscle relaxant, endotracheal intubation and anaesthetic maintenance. Supplemental oxygen was supplied by an oxygen concentrator. Using the draw-over vaporizer without an oxygen economizer tube, there was a slight increase in F i O 2 of 20%, 23%, 27%, 30%, 33% and 33%, with increasing oxygen supplementation of 0 to 5 l/min, respectively.
With an economizer tube, the F i O 2 values increased to 20%, 26%, 35%, 46%, 54% and 66% at 0 to 5 l/min of oxygen respectively. The F i O 2 values were significantly different at 3, 4, and 5 l/min (P<0.05), showing the potential advantages of an oxygen economizer tube attached to a draw-over vaporizer in this setting.
No significant differences were seen in the oxygen saturations of these healthy patients with or without an oxygen economizer.
reduced to 2 to 3%. When the patients' clinical signs indicated that they were adequately anaesthetized the study commenced. Studies were done in random fashion, with or without the economizer attached. Supplemental oxygen at 0 to 5 l/min was provided from a Healthdyne oxygen concentrator 4-6 (Healthdyne, Manetta, GA, U.S.A.).
Throughout the anaesthetic, measurement of F i O 2 , SpO 2 , heart rate, blood pressure, respiratory rate and ether concentrations were recorded. Recordings were made five minutes after each change of oxygen supplementation. Statistical analysis was done using a paired t-test.
The draw-over anaesthetic equipment has been previously described 1,2,3,6 ( Figure 1 ). In short, it consists of a vaporizer with a self-inflating bag, and a non-rebreathing valve (Ruben). The F i O 2 and P ET CO 2 were measured at the junction of the endotracheal tube and the breathing system The F i O 2 was measured using a Sun battery-operated oxygen analyzer (Sun Equipment, Morrisville, NC), end-tidal CO 2 was measured by an Ohmeda 5000 CO 2 monitor (Ohmeda, Madison, WI) and SpO 2 was measured by a Nellcor 180 pulse oximeter (Nellcor, Oakland, CA).
RESULTS
The patient's weight and height expressed as mean (SD) were 52 kg (11) and 152 cm (12) respectively. No significant changes in heart rate or blood pressure were observed. The P ET CO 2 was kept in a range (28 to 32 mmHg) throughout the study. There was a significant increase in F i O 2 with the oxygen economizer, with each increment of oxygen supplementation above 3 l/min (P<0.001) ( Table 1 ). No significant change was observed in the low range of oxygen supplementation of 1 to 2 l/min. Although a significant increase in F i O 2 was seen with incremental oxygen supplementation above 3 l/min with an oxygen economizer tube, there was no difference in SpO 2 ( Table 1 ).
DISCUSSION
Draw-over anaesthesia is used when the supply of compressed gas is restricted. The use of air as the main inspiratory gas reduces or eliminates the requirement for compressed oxygen. The essential components of a draw-over vaporizer and a nonrebreathing circuit have been previously described 1,2,3,6 . The vaporizer has an inlet for drawing air in where the oxygen economizer tube can be attached. The effect of using an oxygen economizer with an Ohmeda Cyprane PAC ether draw-over system with manual ventilation has not been previously clinically tested 6 . The device acts as a reservoir for oxygen since it accumulates the oxygen that flows from the oxygen source during the period of expira- (2) 4 54 (3) 100 (1) 33 (1) 98 (2) 5 66 (3) 100 (1) 33 (4) 99 (1) tion. The amount of oxygen in the economizer depends upon the volume of the tubing, the oxygen flow from the oxygen source, the period of exhalation and the tidal volume. This study shows clearly that an economizer tube of 130 ml does increase the F i O 2 significantly if the supplementary oxygen flow is kept above 3 l/min. This information is important to the practising anaesthesiologist in less affluent countries.
Since the importance of the oxygen economizer is not sufficiently stressed, the device is often not used and is often lost. The fact that it is not permanently fixed to the vaporizer adds to the problem. We have seen draw-over anaesthesia being given without an oxygen economizer in many different countries. In this study in healthy patients no clinical detriment was observed when the patients received only air with no oxygen economizer. However, this may not be the case in patients with decreased cardiopulmonary reserve.
Further studies looking at this group of patients are under way. The reason for using manual ventilation and not the recommended Penlon Nuffield 200 ventilator 7 is that in a previous laboratory study 8 , we found that this Penlon ventilator did not provide any vapour to the test lung. This was discovered by accident, but can be explained by the fact that a Penlon ventilator is fed by a compressed-gas source and thus provides only a positive pressure cycle. Therefore, it cannot draw any carrier gas (and therefore any vapour) from the vaporizer. When using draw-over anaesthesia for controlled ventilation, it is essential that one should manually use the self-inflating bag or ventilation equipment and must be able to draw the carrier gas through the vaporizer into the circuit to ensure delivery of anaesthetic gases. In the same study 8 the performance of the draw-over vaporizer was studied which showed that the output of the PAC vaporizer had a generally consistent profile as tested, except when placed in a 180° full inversion or 90° anterior tilt position.
The supplementary oxygen that can be added to the inlet of the back of the vaporizer can either be provided from an oxygen tank, the main oxygen hospital source, or from an oxygen concentrator. Oxygen concentrators have been recommended for use in rural anaesthesia 4, 5 , and laboratory studies have confirmed their efficiency 6 . In this clinical study, the Healthdyne BX5000 was found to be reliable, but unfortunately was not capable of driving gas powered ventilators. An oxygen concentrator that could perform this task could be potentially very useful in normal and field anaesthetic practice. An oxygen concentrator attached to a ventilator has been designed and is called the New Oxyvent (DeVilbiss. Airlinks, Spitfire Way, Heston, Middlesex, U.K.) but clinical trials have not yet been performed. We believe that a battery-operated oxygen concentrator is the ideal solution in the rural setting 4-6 . However, oxygen concentrators require regular maintenance. The intake filters must be cleaned once a week. The internal filters (e.g. bacterial filters) should be changed once a month to once a year, depending upon the concentrator. In addition, major compression service is required every one to three years, depending upon number of hours used. Ideally, a service representative should do regular maintenance to the machine, failing that the anaesthetist should be given the tools and instructions on maintenance of both the oxygen concentrator and the oxygen analyzer. The latter also needs to be serviced regularly. Problems with the oxygen concentrator include limited oxygen flow because of dirty intake filters, internal leak, blocked delivery systems, etc. A blocked intake filter may make the machine overheat, which may damage the unit. Other problems include faulty internal valves that render the unit inoperative or produce low oxygen concentration. Since oxygen concentrators accommodate very little oxygen in their reservoirs, they are not such a significant source of oxygen as to be a fire concern. However, a "No smoking-oxygen in use" sign should be prominently displayed.
Finally, we believe that the PAC Ohmeda drawover anaesthesia system is a useful anaesthetic technique when conventional equipment is not available. For improved patient safety the importance of always using the oxygen economizer tube is stressed.
